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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device ^nd 3 fabrication method thereof in which the 
gate electrode can be made thick enough to block 
implantation of ions into a channel when a self-aligned 
diffusion layer is formed by ion implantation even if a 
material having a work function close to the midgap of 
silicon is employed in the gate electrode and an undue 
tensile stress is not applied to a gate oxide. 
SOLUTION: A gate electrode 11 is composed of WSix 13 
and polysilicon 14 and the lower layer of WSix touches a 
gate oxide 12. Since the work function of WSix is close 
to the midgap of silicon, threshold voltage Vth can be 
controlled to a correct level. Tensile stress being applied 
to the gate oxide can be lessened by making thin the 
WSix layer and the entire gate electrode can be made 
thick enough by depositing polysilicon on the WSix. 
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[ 0 0 2 8 ] ft. *SE»»»"C«. ±IB©J; 5tt£>y 
^>3/y*-f Fl 3©JgJl*0l;U3:3OnmfIg<i:-r 
-S©#M£ Ut,>#. 1 0 n mgg$fi< 

— #>y*y>->y so 
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im F l 3©eJ¥©±Pg«itgr#£rt8Pi£:*j©Ai* 
s . Rzti.icmm-r & * y y a > 1 4 ©kj?ic 

-TS#. Aft 1 0 0 n miggK:fll5t£©#3* IA> 

±^t?tt. ^>^^>'>y-y--f f 1 3©±(cj^ 

D D ©/cab©-?- F V * - A-©J&J$**B8 £ & 0 . * 

r-r-So **SR**e. ^y->y3>©^J¥«M*b 

<«120nm, £J>&< 0 nmgSi«C«!:*s 
^t*s„ oTtaJ-o-c, *>y*f i >S<'yiJ--( F 1 3 
©If*3 0nmiUfc«^K«. #'JV'J3>14© 
MilK*© 3 fSfcLLi t> 5 C t tc 
[0 02 9] F©<fc^)Sffil4*# 

P'>y-y->f F©tt*wi4«. ->yn>©s 9 F+> ?y 
iaiaKfigL-c^a. ofc*i-^r. y-h®<bsi2£ 
s-r-5>gu^tc*>y^7 i >>'y-y--Y f^iutmos h 

^ 5? ©y— h^lS^rjf^SXjiii*. ^ -p ^•;l'w*«{C 
-enS£"AS©^*««!I^AL^<-Ct > 

©L.#^ffl«BEv,„*o. 5 vm&<z>&%temic%m-r 
ici^s. i^a. ^>yxf->->y-^-f F5*. sis 

F-y-C4>J:l>L. BBR (As) . » (P) . 
(BifOTsffi^H-XilxiO'Vcm 1 U±~C 

F-yor. ^©ttW^^iJaJL-c^j:^. 

[0030] C©/c«). 4»WMOSh7>^^I 
$ipMOS h-7>S>xar©0*^fimiE*«MK:>F]^ 

ftc**ii>9*ijs*i*&. spy->y3>tcj:^y- h 

mi3EV t »?rfc£^.(i^0. 6 Vi-T^/cibtCK. ^ + ^ 

i o"/cp ! ©*-y-w±Ki«»s 

CtM-S?*o/c. cnK*tL. y-hKfb«12£ 

s-r-5gB»{c^>y^f->->";y-f K*m»*t. y- 
h^>>F-ytm-c*>^f *;i^r£gtt l o"/c 
m 3 ©*-^-JitT-C+»t?**. C©<b*. n*<D& 

[00 3 1] tc^-v. y-h^b^©s i o a <p©o 
ji-r-i*. *>yx^>->y-y--Y f (ws i, ) ^©*© 

mc&< y- hK{b{i*©o^T£ite^-e#**^. ^ 
>^^y>->y-y-< F©y- KKfbetc^«.s«ttK 

A#<K^TS. df>y^^>S^y-9-W F«r5ESTS— 

mmte-ft-mx. tct 9 {ty>yx^> (w 

F 6 ) />^> (SiH, ) C>*> 

v Dft-ey- h ^fbM±{cfiHK l ^ > ef > ~> y -y- 
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INfFfcB. 3^. lO'Vcm' &<D3j— y-©FJ£ 

^As^wsnrfco. y- r^bg (Sio, ) ©01 
^ ti^rr^i* s i m?ot£tt&F m^-emmztix 

[0032] -e-c-c. xmm&m-cte. -mmn^^^ 

jg-r*. jw£i*jk:b. ^ {t^>y^^> (wf s ) 10 
ty^PDi/7> (SiH, ci, ) fc^tfifl^tf;** 
ffl^fcCVDiS ( ri?^an->7>S7cCVDffij <fcc> 

JS$nfc^>^7 u >'> , ;-^-f FB. *j^6<*©j£IK 

CVDi*K<fc.&£>y;*-r>V<J-!r-< F«k *) feFJl^f-© 
WDji*S*i3m^>(S< (lxl O'Vci 1 fig) . 

[003 3] C©«fc 5 tc. ^SSjfcSg-CB. — S8KJBt> 20 
e.n-5V7>S7cCVD^'C«&<. y?nn->7>I 

ci*sr#-5.o Lftt>. t> >y*f ^ f (ws 
i . ) ©wusw-tcafi- s s i m.^ommt-x. * 2 . 

±. g*t,<B3. 0&LktLXit¥&mmmi£K>i> 
S i y ? ^i-$--5CiCC«fct3v 1 OnmU^oy 

0, ^^y^u^fcstt. 4*>jt»*!ii«t>4>tt»r> 30 
[oo34]02(i. cmos mo^mtemmmm-cm 

^Bg-rs. Ei2©fltjgr0i<tj!i&£©B, y-F*& 

1 l©±KXh?;fS iO, 1 8£Jf2J&G/ct<t. y- 

hmssi lfcitfx h i o, 1 8<D®mt<c#')*->' 

[0035] Xhj-ASiO, 18 ©JgJ5B. W5L\t 1 
50nmi-ri, C©fig©^J5©S i O, *y- r-m 
SI l©±KJgRgL/-C*J< CiiCjcO. nMOS. pM 

-r * >&A*ff y- f *s 1 1 *©^F*«#rae 

"3, »>y^7->Wt>--Y F 1 3©cf©^*$!g5©*-Y^ 
y>F-^r-4>J:OL-. BfcsS (As) . M <P) . *a so 
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> (B) ^©**#gj£ F-Xlix 1 0'Vcm' «± 

tn-^u, •€-©ft*Mf&?r*ij®)Lr*>«kc^j*, m 

1 *SSJBSS©lS^<!:i5Ili-C*4„ 
[0 0 3 6] V-J F$#-/H 9B. LDD {Ligh 
tly Doped Drain) X^-tiLt©S 
Stem/cT. -T^t>%. tM F9#-JH 9B. ffif&H 
©^ *>aA*tf 5 KKcL D DHK^5J%^*6^*JaA 
34iS©£fiS±-f£. &&©J:5«:i£iMb1$&a* 

^SSJUfefc-S,, If-f F9#-JH 9©/PSB. tf)*.Bifo 
1 5 0 n m f? m&MWM<l>tc#><D-4 * >i£A**T 
5£*fc:B. ^+*'J>y£E&±-r£fctfKC. a^B* 
y s> y*AUi/(Dj:l>HTO (High Temper 
ature Oxide)^>Si Sffi©&fbK: J: £&{b 

F-?*-jh 9£J&j?S;i,t*s< ciKiO, cft6©M 

[0 03 7] I3tt, CMOS^©*^*«lHlKrffl 

©SP^tco^rBB-^^-rcitcJiD. ^©Iftfffl 
^BS^^BS^?,,, 0 3©«jg-C01 iSStiOB. $ 

>y*-?- ^uviM f i 3 ';=i>i 4©ws 

K. WC»^b^>^^r-> (WN, ) J&2 0 *Wt»1t& 
-C*-S„ g{b£>yx^>K2 0Ol?»iB3nm-C* 

Mb^>yxf >K2 o£igtfs@WB. si< 
=i> 1 4F*3©w%*s^>yx^>>";-9--f F 1 3-^tfi; 

[0 03 8] £>yX7->->ytr-Y F 1 2B-^> F-^* 

-cfcjcou a* (as) (P) &^©^««i*« 

jttfl0 ls /cm 2 ISOf-'-XltK-T'U. -e© 

*mMBM<D®&X-ltm 2©<t5feXh 7 A-Si0 1 1 
8BJ&(?SL/&i,>©-C. ^■J-> I J3>14 B. 

(H5»f) *JKBRr-SI»Ka»WKF-^3niC4 

«cao. urvf^tsne. c©i^. # 

3>14i5f>yx^>~>y-9-^ Fl 3itF-A>h 
©^^T-RWSS^M^Sl©^*^^ W#©H(C^r 
*E-rS»«r^b^>y^7 u »S2 0K«koT/?3^tC 

*$ws^«!i©{£ti*s«i^.^tx.5©-c. y- hK{be i 

2i^>y^f->VUlr^ F 1 3 ©W®SB#©tt*H& 

b. ^fe^^fcaocecc^sn^., 

[0039] *^(c^§y- hSS^WTS* 

^^©SS^iS^^-ciftB^-rs. ft. cc-cb. 0 

2«c^Lfc^jt©y- h*S€rWr^*33Stt:^H©»ji 
5^Kot,>T, |g4~01 34#f.U^6I4il^-C 
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3 o ±cc loco s&zm^xmttmm.® 3 i £ 

33>(Di©^r^n«. nMOS h^>^X££ffr£T& 
/c&O^iLT pS<D^*;U£fi5j&-r& 0 
®30CD±{C«, S i O, frhtzZV- h^tS32% 

[0 04 0] ^CC, y- h^fb^3 2<D_L«:. *>^X 
r->^91f^K3 3^^T€>o |g©S$M3 0nm 
T*£c ft. y-bK{bJ®3 2cr>±w:tt^i?XST€>CCD 10 
*>^X^>fytM F3 3<DJ&©XfrCte. B^CD^ 
5&cA:7 vitZlstf^ls (WF 6 ) 

(SiH: CI, ) ^^I^X41^/cCVDS 

>->yiM F33tSi^^ (WS i. t\ ££l>< 
ttx = 3JBLh> tcT^ 0 cncCcfcO, fMC>£5fc:£> 
^f*>^Utt^ F3 3©y- bigfbJS3 2 &C*tT£!g 

Col d-Wa 1 ia<OLP-CVD8Btfli^ 
Sg6 8 0 ft a EE#4 0Pa(Dfe&^ Slfi^XiUT 20 
SiH, CI, . WFs , Ar 1 6 0 s c 

cm, 1. 6sccm, 1 0 0 s c c m<D&fciI~C8g-3\ 

<D/»3ttftl 2 0nmT&£ o COi *©JiEIK6fl=», 

Ho t -Wa 1 lS©LP-CVD*i4St\ 

2 5°C, 5*2 0PaC[)t<bt, KtS#*±L*rS i H 

4 4400 sccmOiSl'Cij£T o 0511 V- YWtit 

jR3 2(D±icz>?x7*>><vy-j K33, #yt/ya 

w«^*>©-f*>aA*fr5. c©ig«y- 
n£„ (P) sffli^ cnsrfln 

aifflBkeV, F-XtftSxioVcm 1 T-Y 

cti«cj:o'C#y5/y=»34H:, a« 

[0 042]^t, #y^ya>3 4<D_hCC* h?/< 

5 i O, ft^fitrSfcAOS i 0,M3 5*»«r*. 

XSCcttW«.tt*EC VDft*ffll\ KJStttt 1 5 0 n 40 
mf?Z> 0 9WC % H8R:?jVS\fc3K:* SiO, 135© 

* hv**3 6*Jfcj£-r*. f UTSiO, 4> C<DU 

fflt>T, S^2 0°C. 7 Pa. RFtti^lOO 

OW^frTT, Kl£#*<fcLTCHF 3 445 sec 
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^*->4b<*ft/cS i O, 13 5 a#f#6ft*. 

iO, I3 5a4vX^<i:Lr 4 *'jV'j3>34, * 

^>y»0X«, W*.«»K2 0'C. E^0. 4Pa(Ofc 
ttECR^Xvx^t-i^^fC*. RFtti^ 

-en-etl? 5sccm t 5scc mCDifoBTifrTp Cti 
fc<fcD, SI OK^TJ^OCS iO, S3 5 a4R-/< 
*->©#y*/y 3>3 4 aSO^^^f^Uif^f 
F3 3a*s»6^ Ctl6^-hlg3 7<i:^S B 
[0044] L DDJ1 (H^4T) ^©^«ft© 

^A€rtf^ 0 C©»^> CMOS©nMOSh7>^ 

9tC&*)4*>*:fI*>&WZ. LDD»*RW*Ci«C 

y hxl/^ H3>Jtta«PPWTSC<t3>» , r#S, LDD 

;l/3 8cr)T»©LDDjS0CftASn^cr>*l»<'^:«)*r* 

-c*>y^^>5/y*-f Ft^isiwtABvytf'-f f* 
se^ntfe, *>y^^>3^y*-f pojuntfbBi* 

±3*1, (Morphology) 

ftswurt*. t-fF»>*^3 8«, *r#y^y 

[0 04 5] -ecD^. ^*8«*-<*>aA-r4C4«:J: 

1 2 0cjjVr«fc5KU CMOSOpMOSh7>^Xj?4 
JB«-r*»^CB«ilJtl^^<b?Ka> (BF 2 ) -f* 

nMOS h7>^**»jsr4»^c»m« 

H*(As) ^>^^>ftA^o COrnS* nM 
OS F^>5?^*i pMOS h^>i>X£<D5^— 

^wttiaA-rsiStttt^oiSi^* f f 3 

9'Cvxn5Ci&C { t^n^n(D>ft>4fT^ 

[0046] &L±<o&m<omanfi»t>^ith % *mn* 

iAUcy-hlS3 7, LDD®, V-VFU^> 
*1 0#ilt, ArSISttrRTA (Rapid 
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Thermal Anneal ing) j&Mfi^ 

©&«a#©ya -fester, 01 atcnVfJc^tc. @fa 

^M4 0©ita> a>** hsJ>-^4 1 ©AM, 

i'^w^f -jt. 12 icfjk-rmm<D ldd use/ y 

[ o o 4 7 ] ft. a i fC7FLfc^jt©y- MifrSrW-r 
scmost^w*©*^^ irtSHju/dSit^rffi 

©5%, ^h-W'SiO, 3 5a*Mt4IS. L D 10 

£*r-f£CMOSyv-WX©*§^tcW:. ±©05^1/ 
fc* > i?Z ^> -> 'J If -< K 3 3 *Jf*(& l,tc&# V %s n 
>3 4&Bl&rZ>mlC. $>^f>^'Jt-f K3 34 

3nm©g|tf>^7 1 > (WN„ ) i20%»5Ci 

SB^8 5 0'C > jei^eotiitRTA 
SOSMiftS. 20 
[0 048] M3K:StJ;^^t$>fXf>li2 0 

%df>^^f >->yi*--< f i 3i*y->'j3>i 4©ra 

?Zm<D*mi)J*>&Z>?zri<>is>JVJ F 1 3K 
^-C&ASftfc^KO. #yt/y=.> 1 4<BJ©^:*iB^56s 

*>y*^>s/yiM fi sfM^ftiSc-r*©*^:^ 
y^r-^j^otcj^rffi^rscitfi-css,, c©/c 

fttfc tc «t r ^strr s ©& w^c Efrit-r z> c l *jt? s* 

30 

[ 0 0 4 9 ] ft. ISrii, 06 i©MariftHjL/cJ; 

sic -y- hm^3 7©±Ji©^y v;n>3 4fc«s 

(P) £ F-t>^5C£tC<£^T^ft<tUfc#. C 

ftttffe©^**^. mtfflfc* (As) *#u> (b) "C 

tottiK ±fsr«, 05i©BI«-CijiBJb 

fc^^tc. y- us 3 7 ©no* > i'^ f> ■> >; t 

W F3 3 a©K/5*3 Onm. ±i©;)i'Ji"ja»>J 
^34a0IUI$12Onm I If-Y F"^* -Jl/3 8© 
J13&1 5 OnmiU* Cft6«<I*?©7V-WX© 
3TM©tttg. S«. ft&ftiXcmcxmnKWt^&c 40 

~> y 3 >StS±(C^R£3tlS C MO S 7 s -Y XfcflHC £ 
o-CtB"D!Lfc#. SO ^^©CMOS^'-fXtcoCi 

[0 050] RK. ±BtB. *ttja*Wi/y*W Fi 
l/tf>^f»'Jt-f F (WS i, ) *flH,»fcflte 

*kh b ttomk^iR^ y * -f f . m y 
^>->y-y--f f (Mo si. ) . ?>£u<->yiM f 

(TaSi, ) , *£>t/yiM F (T i S i. ) 
©«fc5&C. Ttft-tftSSiO, IS £KJ£b &(,>&©£« 50 
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l»ty- r^©TJg^£^0/ci§^-C4>l5«©8l 
T&fc^ ®IE^tt*M^. CMOS©pMOSh 
7>^$inMOS h^>S>X^©L#^fiimEEV th 

aA3n-5.©*Pfl±-ctf •sgg©Mf?©&is;Ro f y- h 

[0 05 1 ] 

[«HJ©$Mli] ^XhUfcHSl/fc.fc^fc, $&9JK:<fcfttf, 
y- r mfis©5 *>y- ri8{bigK8TSTii 

^*.£tt»8&£5<' 'J n>©^*> F¥* f 7'©t»i*Ftifi 

-es**. £fc t c©i«^L#.^ji->y-y--/ F©±(crtsutt> 

^©tb^W^S y > y ?>ZJtmir& ciKJ:-,-c 

y- hfis^^+^^/fit-sc i*i-c^*©-c. 

y- KgTc^+^^&s-tc^^-r^^^aA^ft* 
©^W^cKih-rsci^-c^-s., — rtgqtS^©A 

-sctaj-csa©-?. y- hK{bMtcEnun3fts?io5g 
d iB^«/h s < tt o . *©fe* u - f m^-?> WffiSlt© 
tfA*5«J^.6fts©r. y^-/x©ftfstt«:ii5tf>aci 
*i-cifs„ *fc. L,#^fflmE{c^^^sy-h^ 

fii©^b^i©Wffi^a©tt»B8»iy- h*fli©^S 

©eae*iti^„ Mtc> #y->ya>©-y--Y f-?*-^ 
.*£15 v y V A fc»H««: @:s 3 e» 3 ft* < «c * 

©r\ y- Fms^©a^b#tt*ifSj±o. -e©*s 

y- h^@*s^<b#H5lK:3 63ft-cfc. 
ilv'y-y-^ F©MS^b*^±3ft. Sffi^e^a^- 

(Morphology) ©sfc<b£tt>*lJ-C£ 

[tfffi©fflm*i»Hg] 

[0 1 ] ¥i^tii^n6*lii0ll l 

©y- hlS©^gS:^L/fcKffi^*S. 
[02] ^»«SlHlSSrmc>P.ftS^HJ©02IIS6 

»»©y- \-mmv>ffi&z™L>tcMmm-c$>z>. 
[04] 02tc^u/c^s©y- bmm*m-?z>*m# 

>«S3 0±(CLOCOSffi*ffl^T^^^3 1 
[05] 0 2(c^L//c»jg©y- Ml@£*-f£3aS<* 

^©SiS^ffi^ift^-rs/c^Bi^-cio^ y-h 
^knS3 2©±tc^^>y^7 i >«>y■9■-< , F3 3. ^y-> 
yn>3 4*0fiSo/ctfc?S^L/t:^?>. 

[06] 0 2K^Lfc$ii©y- Hffi**tS*ift 
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[0 8] 0 2CC^Lfc«fc£<D* f - hilffi**rr£¥«(* 

aM©wt*tttiaiB-rite«>©iRffiiar*D, s i o 

a ^3 5<D±&CUi/* ? * h 'J VtfvV a 

[09] @2(c/Ti/c»g(D^ hmmzmrz^mft 

«S©JB«^*-Wfc3ti/cS i O, M3 5a^M 
vy3>34aM^>^Xf>V';if^ K3 3 a£S 

io 2 S3 5 a<him-^*~>teftn:uTy~ hS®3 
[sin mzicmbtcmi&oiy-hmmzm-i-z^m 

[012] H2tc*b&«jt©y-h«i**r&*» 

[013] 02 tcjnLtcmmw- vmmimrz^m 
#&&ommyimzi&w?ztc&ommmT$>K>, mm 

ii!4 0(Dii, 3>^^h^H10M, 30 
Jl/4 2&Cj;£n>#* h^-^O^S^ K*£4 3<Dff$* 
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[014] nMOS h7>^^ipMOS h^>^X 

[015] *>^*^>->ytM K (WS i, ) 604 
*KD^- FSffii LTffl(,>/cfi£*CDMO S h ^ >S?X 

[flHtomi!] 

10,30 J/'J3>IS 

11,37 y-HUffi 

12.32 h&M (SiO, ) 

1 3, 3 3. 3 3a. 55. 5 6 ^>^»'J 

K (WS U ) 
1 4, 34, 34a, 51. 53 #"/S/"J=i> 

untfiiHK ( s i o, ) 

31 LOCOS K J: SSR-?#8t««( 
3 5, 3 5a Xhy/^SiO, 
K**-* 



1 5 
1 6, 
1 8. 

1 9 

2 0 

3 6 
3 8 

3 9 
40 

4 1 
4 2 

4 3 

5 0 
5 2 

5 4 

6 0 
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nMOS h^>>>*£ 
pMOS h^>^X# 
CMOS 

^>Wf >>"J1M K#iy- h 



1 ] 



[02] 



1 I : V— H 



1 6 



1 5 




1 4 : # »J i> L»a > (1 Z 0 n m) 

1 3 : WS i * (30nm) 

- \ i 



i 0 : S itttS 



I 4 : #yv'J3> 
13:WSi. 

1 9 : *'J i"J 3>tM K9*-H» 




1 2 :*-K«ft« 



[04] 



3 2 : S i O, 




3 0 : v II : 
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[S3] 



[H5 ] 



1 i i^-Hi 




1 4 :#US»y 3> (l z 0 nm) 



2 0 :WN. <3 nm) 

1 6 : m=H*mm* 

1 3 :WS ii (3 0 nm) 

2 

i o : s • mm 




3 1 : 



3 o : U y a VSIS 



[06] 



Phos+lon | | | | | | 




3 0 



[08] 



3 6 : UyX h7X^ 




3 0 



3 5 : S i O, 3 1 :W&Mm 




3 0 :y'J3 y 



[09] 



3 5 a : S i 0* ft 




3 0 ; > V 3 >«S 



[010] [011] 




3 0 : ^'J3V»S 
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As or BF2+ Ion 



[012] 

I \ \ \ \ \ 3 9 = ?* M/yzh 




3 1 




14} 



[HI 5] 
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